The COVID-19 pandemic is the major health crisis of our time. It bears the potential to create devastating social, economic, and political consequences in all the countries it touches. At the same time, it represents a great challenge for the entire scientific community. Indeed, the latter is currently making extraordinary efforts to increase knowledge on the severe acute respiratory syndrome coronavirus 2 (SARS-CoV 2), and so helps in containing the pandemic and hopefully in eradicating it. The renin-angiotensin-aldosterone system (RAAS) has recently been put on the forefront as the angiotensin-converting enzyme (ACE) 2 is targeted by SARS-CoV 2. In parallel, obesity appears as the main risk factor for severe forms of COVID-19. The RAAS and obesity are closely related, leading to the aggravation of the disease. Here, we focus on the endogenous imbalance of RAAS in obesity.

In the beginning of the pandemic, the paradox of hypertension as most common risk factor for ICU admission, intubation, and COVID-19-related death has not driven major attention \[[@CR1]\]. Then, it has become clear that type 2 diabetes (DT2) also withstands as a risk factor. Scientist further speculated that ACE inhibitors and angiotensin II type 1 receptor (ATR1) antagonists, which are widely used in DT2 patients, could upregulate ACE 2 and consequently might account for the high prevalence of hypertension and diabetes among patients with severe disease course. However, this causative effect has not been confirmed so far \[[@CR2], [@CR3]\].

Shreds of evidence show that RAAS is involved in energy metabolism, food intake, inflammatory process, oxidative stress, and blood pressure control. A classic view opposes the pro-inflammatory and hypertensive angiotensin (ANG) II and ATR1 axis to the anti-inflammatory and vasodilator angiotensin 1--7 (ANG 1--7) and MAS receptor axis. ANG 1--7 may be synthesized using three different pathways including the hydrolysis of angiotensin 2 (ANG 2) through ACE 2. The latter also functions as a receptor for the SARS-CoV 2. The SARS-CoV-2 spike protein binds to ACE 2 on the host cell membrane and enters the pneumocytes, possibly leading to a loss of function of ACE 2. Thus, the interaction with the SARS-CoV-2 would result in a reduced ACE 2 enzymatic activity and consequently in an imbalance favoring the ANG II and AT1R axis and the lung injury response to the viral infection \[[@CR3]\].

Overall, a dual role for ACE 2 in the setting of COVID infection has been underlined: increased expression of ACE 2 may predispose to more massive exposure to the virus but may also avoid the RAAS-mediated lung injury in response to viral infection later \[[@CR4]\].

As mentioned earlier, ACE 2 is expressed on several organs other than the lungs such as the adipose tissue, heart, kidney, intestine, and blood vessels. This widespread diffusion of ACE 2 in the human body and its affinity for the SARS-CoV-2 spike protein accounts for the multiple clinical manifestations that have been reported so far including the acute respiratory syndrome, but also renal failure, intestinal perforation, and disseminated vascular thrombosis \[[@CR5], [@CR6]\].

There is in silico evidence that the affinity of the SARS-CoV-2 spike protein for the ACE 2 is heterogeneous among mammals. A high receptor-ligand affinity has been observed in humans and macaque rhesus that decreases in the Syrian hamster, rat, and mouse to become very low in the bat \[[@CR7]\]. Indeed, this is probably why the latter does not develop a clinically evident disease while hosting the virus. Therefore, the human polymorphisms of ACE 2 may be responsible for the increased ACE 2/spike affinity. This may account for the heterogeneity of the pandemic spread and, more importantly, for the different degrees of severity around the world and within the same countries \[[@CR8]\].

More recently, the Lille Intensive Care COVID-19 and Obesity study group reported a high frequency of obesity among patients admitted in intensive care for SARS-CoV-2. The authors found that the severity of the disease increases with BMI \[[@CR9]\]. The pandemic has spread to the USA in an extremely fast manner and obesity has been reported to be the main risk factor for respiratory failure leading to invasive mechanical ventilation that, not surprisingly, was 10 times higher than in China \[[@CR1], [@CR10]\]. In the largest report form the New York City area, which included 5700 patients hospitalized for COVID-19, hypertension, obesity, and diabetes were present in 56.6%, 41.7%, and 33.8%, respectively, and mortality in patients requiring mechanical ventilation was 88.1% \[[@CR10]\].

It is now becoming clear that the missing tile is the prevalence and the degree of obesity, accounting for the disparities in the severity of the disease. One may be speculated that obesity is responsible for hypertension and diabetes which are in turn responsible for the severity of the disease. However, the problem can also be taken in the opposite sense, since the adipose tissue is a major source of inflammatory molecules, including IL-6, which may aggravate the SARS-CoV-2.

Obesity is associated in humans and in experimental animals with an imbalance in the RAAS system resulting in an overexpression of the ANG II and AT1R axis at the systemic level \[[@CR11]\] and at the level of the adipose tissue \[[@CR12]\]. This statement is reinforced by findings in obese rats showing that without adequate exercise, the deleterious ANG II and AT1R axis predominates in spite of increased quantity of ACE 2 \[[@CR13]\]. Actually, ACE 2 is largely expressed in adipose tissue and significantly more in visceral than peripheral subcutaneous adipose tissue \[[@CR14]\]. Consequently, obese individuals, especially those with exceeding visceral adipose tissue, could develop an explosive systemic response of the ANG II and AT1R axis and could be able to host and stock a huge viral load, possibly contributing to development of a more severe form of the disease. As no specific symptoms or signs of adipose tissue infection develop, this is overlooked in clinical practice where clinicians focus on organ insufficiencies. Then, in the setting of COVID-19, obesity-related metabolic comorbidities should not be solely regarded as the direct responsible for the more severe disease course as suggested recently but also (or, maybe, rather) as accompanying clinical characteristics of a phenotype that could contribute, or lead, to the risk of mortality, i.e., the accumulation of visceral adipose tissue \[[@CR15]\]. It is of paramount importance to note that weight loss, even modest, reverses the imbalance of the RAAS at the adipose tissue as well as at the systemic levels \[[@CR11]\]. Additionally, the adipose tissue may host in obese individuals a larger viral load behaving as a reservoir and giving a higher potential for diffusing the virus and contaminating other individuals.

Upon that, it may be speculated that individuals with a history of bariatric surgery may have a reduced risk of the severe form of COVID-19 disease compared with obese individuals without bariatric surgery. While this remains speculative and in light of these pieces of evidence, the fact that bariatric surgery is currently being held still with thousands of patients waiting for their surgery should be questioned \[[@CR16]\].
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